The level of y-glutamyltranspeptidase (GGT) activity and of its mRNA were determined in the mouse mammary gland during pregnancy, lactation and weaning. The GGT activity, which is very low in the virgin-mouse mammary gland (5 munits/mg of protein), increases progressively during pregnancy (3-fold), reaches its maximum at the onset of lactation (8-fold) and returns rapidly to basal level at weaning. Although no GGT-specific mRNA is detected in the virgin-mouse mammary gland, a single faint band of 2.2 kb in size is found during pregnancy. During lactation, an additional mRNA of 2.4 kb in size appears, and the level of both mRNAs is higher. This high level of mRNA persists during weaning as well. Southern-blot analysis of mouse mammary-gland DNA provides convincing evidence that there is only one gene which codes for the two mRNAs. The present study provides the first evidence for a physiological regulation of the two GGT mRNAs in the same tissue.
INTRODUCTION
y-Glutamyltranspeptidase (GGT, EC 2.3.2.2) catalyses the degradation of glutathione to glutamic acid and cysteinylglycine [1] . The two GGT subunits, which are encoded by a common mRNA [2, 3] , are located at the outer surface of the plasma membrane and play a key role in inter-organ glutathione transport [4] .
Although GGT is expressed at a high level in the kidney [1] , the GGT expression in other tissues, such as liver and mammary gland, has attracted considerable attention because of its regulation under different physiopathological conditions in these tissues. In humans, liver GGT activity is increased during chronic alcoholism [5] or in hepatocellular carcinoma [6, 7] . In rat-liverderived cell lines, GGT activity is also increased by alcohol [8] , glucocorticoids [9, 10] and carcinogens [11] . In the last-named case the hepatic GGT activity is correlated with an increase in a specific GGT mRNA different from the one present in kidney [12] .
In rat mammary gland, GGT activity increases during pregnancy and, to a greater extent, at the onset of lactation [13, 14] .
The activity is under the control of both placental lactogen and prolactin [13] [14] [15] . However, to date there are no data on the level and mechanism of the regulation of GGT-gene expression in mammary gland. In the present study we used a rat kidney GGT cDNA as a probe [16] to analyse the expression of GGT mRNA in the mammary gland during pregnancy, lactation and weaning.
EXPERIMENTAL
Animal and tissue preparation Mammary glands from primiparous (C3H,HeN) mice at different stages of pregnancy, lactation and mammary involution were used for both enzymic assays and mRNA preparations. Mammary glands and kidneys from nulliparous mice were used as controls.
Enzymic assays
Mammary glands were homogenized (10 mg/ml) in 50 mm-Tris/HCI, pH 7.4, using an Ultra-Turrax blender. The GGT activity of these extracts was assayed by using L-y-glutamic acid p-nitroanilide as donor and glycylglycine as acceptor [17] . Protein was determined as described by Lowry et al. [18] , with BSA as standard. One unit of enzyme activity is defined as 1 jumol of p-nitroaniline released/min at 37 'C.
Isolation of poly (A)' mRNA
Total mRNA from mammary gland and kidney was isolated by the guanidine isothiocyanate method [19] . Poly(A)+ mRNA were purified by two cycles of oligo(dT)/Trisacryl chromatography (IBF Biotechnics) as described by Aviv & Leder [20] .
Preparation of single-stranded RNA probe A 1.6-kbp endonuclease-PstI-PvuII fragment from rat kidney cDNA cloned in plasmid pSP 64/39-1 [21] and containing 92% of the GGT coding sequence was subcloned into plasmid PGEM-4 (PGEM-4/1-39). A RNA probe, complementary to the mRNA strand, was transcribed from the phage-T7-polymerase-specific promoter of this plasmid linearized by Sacl. [22] . The RNA was fixed on to the membrane by u.v. irradiation for 5 min and by baking for 2 h at 80 'C. The blot was prehybridized overnight at 60 'C in 50 % formamide/5 % (w/v) SDS/5 x SSPE containing 200,g of denatured salmon sperm DNA/ml [23] . The GGTspecific RNA probe (101 c.p.m./,ug of template) was then added in the same medium. Hybridization was carried out at 60°C for 16-20 h and the blot was washed twice in 0.1 % SDS/0. 1 x SSPE for I h at 68-70°C and exposed to Amersham X-ray film at -80°C with an intensifying screen. A 0.8-kb SmaI-KpnI nicktranslated fragment of a mouse cDNA /3-actin (pAL 41) clone [24] was used in control experiments. Quantification of the relative amounts of specific RNA transcripts was performed by densitometric analysis of the hybridization signals by using an Ultroscan laser densitometer associated with microcomputer software (GENOFIT).
Southern-blot hybridization
High-molecular-mass DNA was extracted from Wistar-rat or C57-Black-mouse kidney as previously described [25] . Human DNA was extracted from human lymphocytes by the same protocol, except that the sample was dissolved directly in the urea buffer. The Southern blot was hybridized with the nicktranslated EcoRl-Pst fragment from clone 39 [25] specific for rat kidney GGT.
RESULTS AND DISCUSSION GGT activity in mammary gland
The activity of GGT in mouse mammary gland at different stages of pregnancy and lactation is shown in Fig. 1 . Activity is very low in virgin mammary tissue (4 munits/mg of protein) and gradually increases during pregnancy and lactation, reaching 30-40 units/mg of protein. At weaning, the activity returns to a value comparable with that observed in virgin-mouse mammary gland. Similar changes in rat mammary GGT activity during pregnancy and lactation have been described [13] [14] . The changes in GGT activity during pregnancy, lactation and involution are similar to those observed with proteins that participate in milk synthesis, such as a-lactalbumin and caseins [26] . (P), lactation (L) or weaning (W) stage was used, except that for 10day-pregnant-mouse mammary gland a 3 ,g portion was also used ( ); 50 ng of mouse kidney (mK) and 50 ng of rat kidney (rK) poly(A)+ RNA were used as controls. The blot was hybridized with a single-strand RNA probe specific for rat GGT as described in the Experimental section. The nylon membrane was autoradiographed at -80°C for 3 h (*) or for 24 h with an intensifying screen. Time in physiological state (days) Fig. 3 . GGT mRNA levels in mouse mammary gland during pregnancy, lactation and weaning The intensities of the bands at 2.2 kb (A) or 2.4 kb (V) were determined by densitometric analysis (a) of the autoradiogram (Fig.  2) . The Regulation of mammary-gland y-glutamyltranspeptidase mRNA Fig. 4 . Southern blot of rat (a), mouse (b) and human (c) genomic DNA Genomic DNA (15 ,ug) was digested with restriction enzymes (B, BamH 1; K, KpnI) and electrophoresed on a 0.8 O0-agarose gel. After transfer to nylon membrane the DNA fragments were hybridized to the nick-translated probe specific for rat GGT as described in the Experimental section. The nylon membrane was autoradiographed at -80°C for 48 h with an intensifying screen.
The changes in the levels of these proteins reflect the changes in their mRNA levels [26] . It has been shown that the production of both a-and K-casein mRNA is modulated by prolactin and epidermal growth factor [27, 28] . As for GGT, according to the work of Vinia & Viiia [29] , the increase in GGT protein in the lactating mammary gland would contribute to the amino acid translocation that takes place during lactation.
Analysis of GGT mRNA in mammary gland GGT poly(A)+ mRNA from mouse mammary gland during pregnancy, lactation and weaning were analysed by Northernblot hybridization using a GGT single-stranded RNA probe and compared with kidney mRNA as control (Fig. 2) . No mRNA was detected in the virgin-mouse mammary gland. A single mRNA of size 2.2 kb was detected in pregnant-mouse mammarygland RNA, whereas, during lactation and weaning, two mRNA species of 2.2 and 2.4 kb respectively were observed. The changes in the level of GGT mRNAs during lactation were analysed by densitometric scanning of the autoradiograms (Fig. 3a) . Compared with the situation at 10 days of pregnancy, GGT mRNAs rise 5-fold at 2 days post partum, reaching a peak (10-15-fold) at 8 days, followed by a decline at 15 days post partum. They remain elevated at weaning. The rapid increase in the hybridization intensity correlates with the increased level of GGT activity in the mammary gland ( Fig. 1) . Although both GGT mRNAs are induced during lactation, the analysis of the ratio of the two mRNA intensities as a function of the physiological state (Fig. 3b ) exhibits a variation in the relative amount of the two species. The ratio of the amount of 2.4 kb mRNA to 2.2 kb mRNA increases gradually throughout lactation, i.e. from 0 to 0.8 at 15 days post partum (Fig. 3b) , and it parallels the increase in the GGT activity (Fig. 1 ). This suggests that the regulation of GGT during lactation would involve more specifically the 2.4 kb mRNA than the 2.2 kb mRNA species.
Analysis of mouse genomic DNA
Recently we have demonstrated that there is only one gene encoding GGT in rat, but multiple genes in humans [25] . The complexity of the GGT sequences in the mouse genome was assessed on a Southern blot by hybridization of mouse genomic DNA digested by restriction enzymes to a rat cDNA probe (Fig.  4) . The hybridization pattern on the mouse DNA is very similar to that of the rat and is less complex than the human situation. This suggests that there is also a single GGT gene in mouse coding for the two mRNA species.
In the present study: (i) we have the first evidence for the co-expression of two GGT mRNAs in the same tissue whose concentrations vary under physiological conditions; (ii) we have observed a similar hybridization pattern of the GGT probe on mouse and rat genomic DNA. Recently, we have cloned and sequenced two full-length cDNAs from rat kidney which differ only in their 5' non-coding region [16] . Since these GGT mRNAs are transcribed from a single gene, they are likely to be generated by start of transcription at two different promoters [30] . Thus the synthesis of two GGT mRNAs in mouse mammary gland is due either to the initiation of transcription from two different promoters of the single GGT gene, as in rat, and/or to an alternate splicing mechanism.
